Heat-transfer and pressure distributions on a flat-face rounded-corner body of revolution with and without a flap at a Mach number of 8 by Jones, R. A.
A E 
https://ntrs.nasa.gov/search.jsp?R=19660024044 2020-03-24T02:05:46+00:00Z
1s 
L 
1 
8 
8 
5 
0 0  0.0 0 0 0 0 0  0 .  0 0 0 0  
0 0 0  0 0 0  0 0  0 0 0  
0 0 . .  . 0 
- 0 .  0 0 
0 0  - 0 0  0 .  0 0  
~ 
0 0.0 
0 0  
0 0 0  
0 0  . 0 0 0  
0.- 0  
0 
NATIONAL 
HEAT-TRANSFER 
AERONAUTICS AND SPACE AIlMINISTRATION 
" N I C A L  MEMORANDUM X-703 
AND PRESSURl3 DISTRIBUTIONS ON A FLAT-FACE 
ROUNDEB-CORNER BODY OF REVOLUTION W I T H  AND WITHOUT 
A FLAP AT A MACH NUMBER OF 8" 
Heat-transfer and pressure distributions on a f la t - face body of 
revolution w i t h  and without f l a p  control were obtained a t  a Mach number 
of 8 and angles of attack from Oo to 45O. This body had a rounded cor- 
ner, with a r a t i o  of corner radius t o  body radius of 0.2, and an af ter-  
body angle of 15O. 
ner and afterbody. 
0.22 X lo6 and 0.93 X lo6. 
The f l a p  was located at  the tangent l i ne  of the cor- 
Reynolds numbers based on maximum body diameter were 
Results of the pressure tests indicated tha t  the movement of the 
stagnation point with angle of attack w a s  almost l inear  a t  low angles 
and tha t  afterbody pressures f o r  the windward ray were considerably 
higher than those predicted by modified Newtonian theory. 
distributions'on the body a t  Oo angle of attack w e r e  found t o  agree 
closely with predictions of a loca l  s imilar i ty  theory which used measured 
pressure distributions.  Maximum measured heating rate, which always 
occurred at  the corner, varied from 2-13 t o  3 . 3  times the calculated 
heating ra te  of the stagnation point a t  Oo angle of a t tack as the angle 
of attack w a s  varied from Oo t o  45'. Heating ra tes  t o  the f l a p  varied 
widely and f o r  several  conditions the f l a p  and the region of the body 
a t  the base of the f l a p  had heating ra tes  approximately equal t o  those 
a t  the stagnation point. "he primary factor  governing f l ap  heating w a s  
found t o  be the angle between the f lap  surface and the free-stream flow 
Heat-transfer 
direction. 
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INTRODUCTION 
Convective heating w i l l  have a dominant influence on the heat- 
shield design of the A p o l l o  reentry vehicle. Predictions of the heat 
loads t o  be encountered are  therefore necessary, but such predictions 
are presently hampered by a lack of experimental data. This report  i s  
concerned with the detai led d is t r ibu t ion  of heat t ransfer  about a f lat-  
face rounded-corner body of revolution and w i t h  the heat t ransfer  t o  a 
flap-type control surface which could be used f o r  maneuvering such a 
body. Tests were made a t  a Mach number of 8 with a m a x i m u m  a i r  enthalpy 
of 240 Btu/lb and Reynolds numbers based on maximum body diameter of 
0.22 x 106 and 0.93 X 106. 
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5 The appl icabi l i ty  of the data, obtained from an idea l  gas, t o  high 
flight speeds where real-gas e f f ec t s  are encountered must therefore be 
considered. For a body without t r ans i t i on  or separation, the t e s t  Mach 
number w a s  suf f ic ien t ly  high t o  minimize the influence of Mach number 
on the resul ts ,  and f o r  equilibrium flow about the body the ideal-gas 
dis t r ibut ion i s  approximately equal t o  the real-gas dis t r ibut ion.  
ever, the application of these t e s t  r e su l t s  t o  surfaces heated by bound- 
ary layers subject t o  t ransi t ion,  separation, reattachment, and so for th  
may not be ju s t i f i ed  since the e f f ec t s  of interplay of Reynolds number 
and enthalpy on such phenomena are  not presently understood. 
quently, the data f o r  the f l a p  configurations may not be val id  f o r  high- 
speed reentry but may serve as a guide u n t i l  high-enthalpy data  become 
available. 
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SYMBOLS 
cP 
cP, Jn= 
C 
cP 
h 
hS 
HS 
pressure coefficient 
maximum pressure coeff ic ient  
specif ic  heat of model w a l l  
spec i f ic  neat of &kr &t constant pressure 
.‘r .- 
l oca l  heat-transfe 
heat - t ransfer  coefficient of on point a t  OO angle 
of a t tack 
stagnation-point enthalpy 
a. .a a a a a. .a a a** a ..a a. 
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CLS 
pS 
skin thickness 
free- stream Mach number 
Prandtl number a t  w a l l  
loca l  s t a t i c  pressure 
free-stream s t a t i c  pressure 
stagnation pressure behind normal shock 
corner radius 
body radius 
free-stream Reynolds number based on maximum body diameter 
surface distance (see f ig .  5) 
w a l l  temperature 
recovery temperature 
time 
loca l  velocity at  edge of boundary layer 
angle of attack 
flow deflection angle measured from free-stream flow direction 
f l a p  deflection angle measured from back surface of f l ap  t o  
l i ne  pa ra l l e l  t o  model center l ine  
f l a p  angle, neasured from back surface of f l ap  t o  free-stream 
flow direction 
air  viscosi ty  a t  w a l l  conditions 
air  viscosi ty  at  stagnation conditions 
skin density 
air  density a t  w a l l  conditions+ 
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a i r  density a t  stagnation conditions 
r o l l  angle measured from windward plane of symmetry 
angular location of stagnation point 
TEST FACILITY 
These tests were conducted i n  the Langley Mach 8 variable-density 
Stagnation pressures of approxi- 
tunnel. 
i n  an 18-inch-diameter t e s t  section. 
mately 165 and 915 lb/sq in.  abs with corresponding stagnation tempera- 
tu res  of approximately 850' F and 950' F were used f o r  the present tests. 
The result ing free-stream Reynolds numbers per inch w e r e  approximately 
0.078 X 106 and 0.332 X lo6, respectively. Under these conditions the 
Mach number i n  the tunnel tes t  section w a s  7.95 k 0.05 and 7.85 _t 0.05 
a t  the high and low stagnation pressures. 
This tunnel has an axisymmetric contoured nozzle terminating 
The tunnel i s  adapted f o r  t ransient  t e s t ing  by a model-injection 
mechanism which i s  located d i r ec t ly  under the t e s t  section. 
Models are strut-mounted t o  a plate  which can be rapidly moved up o r  
down by a pneumatic piston. The en t i r e  inject ion mechanism i s  enclosed 
i n  a sealed box; thus, the tunnel can continue running w i t h  the model 
i n  o r  out of the t e s t  section as wel l  as while the model i s  being injected 
o r  retracted from the t e s t  section. 
(See f ig .  1.) 
MODEIS 
The configurations tes ted  consisted of a basic body and body-flap 
combinations. 
sketches giving the pertinent dimensions and thermocouple and pressure 
o r i f i ce  locations are  presented i n  f igures  3 and 4. 
t i on  w a s  a f la t - face body of revolution having a rounded corner and an 
afterbody angle of 15'. 
radius was 0.2. The base of the f l a p  w a s  located a t  the  tangent point 
of t h e  afterbody and rounded corner. 
Photographs of the model are shown i n  f igure 2, and 
The basic configura- 
The r a t i o  of the corner radius t o  the body 
Two s e t s  of models made from 347 s t a in l e s s  s t e e l  were used; one 
contained pressure or i f ices ,  the other contained thermocouples. The 
pressure model had a thick w a l l  with tubing soldered i n  holes and Cut 
off f lush with the outer surface so t h a t  the inside diameter of the tube 
(0.040 inch) formed the o r i f i ce .  
wall  thickness of 0.030 inch; Qowzver, the ac tua l  thickness varied from 
The thermocouple model had a nominal 
. 
a. *-a . a a a. a. a aaa a .a a. 
m a .  a a a  * a *  a a .  a .  .a 
a a a a  a a a a  a a e a a  a a a  a 0  
a a a a a 8 8-8  a 0.0 a** -a a a. a 6 a a- 
*a. a -  
e a  a .  
a .a a. 
a a a. 5 
approximately 0.022 inch at the center of the face t o  0.034 inch on the 
afterbody. To insure accurate data reduction, the w a l l  thickness w a s  
measured within 0.001 inch at  each s rb location. Thermocouples were 
made from No. 30 (American wire gage) iron-constantan wire and each wire 
of a thermocouple pair w a s  soldered into a 0.013-inch-diameter hole. 
The holes of a thermocouple pa i r  were spaced 0.020 inch between centers 
and located equidistant from the center of the face. The s/rb loca- 
t ions were measured by placing w i r e s  in  the holes and magnifying the 
prof i le  10 times by means of a profile-measuring projector before ins ta l -  
l a t ion  of the thermocouples. Figure 5 i s  a sketch of the corner prof i le  
magnified 10 times. A c i r c l e  having a radius of 0.28 inch, the design 
radius of the corner, i s  shown f o r  comparison with the actual  profile.  
Although the m a x i m u m  difference between the design radius and actual  
prof i le  w a s  only 0.005 inch, the actual tangent point of the front  face 
and corner may have been displaced from the design tangent point as much 
as 0.040 inch. In  terms of s/q, t h i s  would be about 0.03. 
I 
. 
DATA RECORDING 
Thermocouple outputs were fed into a Beckman 210 high-speed analog 
to d i g i t a l  data recording system. This i s  a high-impedance system tha t  
samples the output voltage of each thermocouple a t  a rate of 40 times 
per second, converts it t o  a binary d i g i t a l  system, and records it on 
magnetic tape. 
400 counts per mi l l ivo l t  which corresponds t o  0.11' F per count. The 
background noise of the system w a s  approximately *3 counts; therefore, 
temperatures were recorded within *1/3O F. 
For these t e s t s  the sens i t iv i ty  of t h i s  system w a s  
Pressures were measured by a mercury manometer. From photographs 
of the manometer the pressure w a s  read within *0.03 inch of mercury with 
a corresponding er ror  i n  p p of about 0.2 percent. However, t es t ing  
time was  limited t o  about 1- minutes and the problem of e r ror  due t o  time 
required f o r  the manometer t o  s e t t l e  out w a s  encountered f o r  pressures 
I t , 2  
1 
2 
lower than p/p = 0.1. The er ror  i n  p p f o r  pressures i n  t h i s  
t, 2 I t,2 
range may be 'as high as 1 percent. 
Photographs of the flow about the model were taken by means of a 
single-path schlieren system using a l ight  source having an effect ive 
f l a sh  duration of 4 microseconds. 
a window pa ra l l e l  t o  the tunnel center l ine  as a reference t o  indicate 
the free-stream flow direction. 
A horizontal wire w a s  stretched across 
............... ....... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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TEST TECHNIQUE AND DATA REDUCTION 
Heat-transfer data were obtained by using a t ransient  tes t ing  
technique. 
conditions and then the model w a s  rapidly injected into the airstream 
by a pneumatic piston. 
the tunnel boundary layer and f o r  steady flow t o  be established w a s  
approximately 0.05 second. 
o r  3 seconds. 
high-pressure a i r  j e t s .  
The tunnel was s tar ted and brought t o  the desired operating 
The time required f o r  the model t o  t r ave l  through 
The model remained i n  the airstream only 2 
Between t e s t s  it was cooled t o  room temperature by cold 
Heat- t ransfer  coefficients were obtained by f i t t i n g  a second-degree 
curve t o  the temperature-time data by the method of l e a s t  squares and 
computing the time derivative of temperature on a card-programed computer. 
The local heat-transfer coefficient i s  given by the following equation: 
dtW pc2 - 
d t  
h =  
T r  - Tw 
where the temperature potent ia l  Tr - Tw 
recovery temperature minus the measured w a l l  temperature. 
data the recovery temperature w a s  calculated by assuming a laminar recov- 
ery factor of 0.85 and isentropic expansion of the flow from the stagna- 
t ion  point t o  the measured loca l  w a l l  pressure. 
was assumed f o r  the f l a p  data. A complete description of the curve- 
f i t t i n g  procedure and data-reduction method i s  given i n  reference 1. 
w a s  taken t o  be the calculated 
For the body 
A recovery fac tor  of 1 
For the present t e s t s  heat-transfer coefficients were computed f o r  
the time in te rva l  from 0 . 1 t o  0.5 second a f t e r  inject ion of the model 
into the airstream. 
surface was within a few degrees of i t s  temperature pr ior  t o  injection. 
The maximum variation i n  surface temperature w a s  usually much less than 
20’ F a t  the time f o r  which data were reduced. This nearly isothermal 
surface together w i t h  the th in  skin of the model helped t o  keep heat- 
conduction e f fec ts  t o  a minimum. Inasmuch as heat conduction w a s  thought 
t o  be negligible, no heat-conduction corrections have been applied t o  the 
data of these t e s t s .  The accuracy of the heat-transfer coeff ic ients  
computed by equation (1) w a s  affected by the accuracy of the values used 
fo r  p, c, and 2 as well as by the data recording mentioned previously. 
It i s  thought t ha t  the heat-transfer coeff ic ients  are accurate within 
15 percent; however, any er rors  i n  p and c would be constants and 
therefore affect  only the l eve l  and not the dis t r ibut ion.  
A t  these short times the temperature of the model 
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The general orientation of the model w i t h  the f ree  stream and the 
nomenclature used throughout the report are shown i n  figure 6. The angle 
of attack w a s  taken t o  be that angle between the center l i ne  d the model 
and the free-stream flow direction. When the f l a p  w a s  i n  the location 
shown i n  figure 6, it was  called the leeward flap; when the f l a p  was 180° 
f r o m  this  position, it w a s  called the windward flap.  
the f l a p  hinge l i ne  w a s  a t  the tangent l i n e  of the rounded corner and 
afterbody. 
For both Locations 
Flow Field 
Schlieren photographs of the flow are shown i n  figures 7, 8, and 9. 
As can be seen i n  these photographs the s t ing  w a s  almost as wide as the 
base of the model; however, it w a s  slender i n  cross section and sharpened 
on both edges (f ig .  2) so as t o  disturb the flow as l i t t l e  as possible. 
The s t ing  had no appreciable e f f ec t  on the body shock wave; however, a t  
angles of attack a small shock wave w a s  formed on the windward side where 
apparently the separated flow from the rear  of the afterbody reattached 
t o  the s t i ng  (fig.  7). 
the data  presented herein. 
This phenomenon w a s  thought t o  have no ef fec t  on 
The schlieren photographs of the flow about the body-flap configura- 
t ion  (f ig .  8) indicate that f o r  the leeward f l a p  the flow separated from 
the body a t  the corner and reattached t o  the f l a p  w i t h  a shock wave 
forming near the point of reattachment. The location on the f l a p  where 
t h i s  shock wave appears t o  originate did not move much with a change i n  
angle of attack; however, the angle between th i s  shock wave and the sur- 
face of the f l a p  became less as the angle of attack was increased. When 
the f l a p  w a s  located on the windward side of the model ( f ig .  9), the flow 
pat tern was  en t i r e ly  different.  
w a s  sometimes the most forward part  of the body-flap combination. A t  45' 
angle of attack and a f l a p  deflection angle 
w a s  attached t o  the t i p  of the f l ap  and the flow direction was  inward 
toward the body; however, the body corner caused the flow t o  separate a t  
about the midchord of the flap.  
For t h i s  location the t i p  of the f l a p  
of 90' the shock wave Ef 
Pres sure Distributions 
The pressure data of the body configuration are presented in  f ig-  
ure 10. The movement of the stagnation point with angle of attack as 
determined from these data i s  shown i n  figure 11. Note t h a t  the stagna- 
t i o n  point does not jump suddenly t o  the corner at an angle of a t tack,  
8 
as Newtonian theory would predict, but moves gradually and almost l inear ly  
a t  low angles. 
stagnation point had moved t o  the Newtonian stagnation point. 
An angle of attack of almost 45' was reached before the 
pcu cos2$ - =  sin2% + - 
Pt, 2 Pt,  2 
Heat-Transfer Distribution 
Heat-transfer dis t r ibut ions on the basic body are shown i n  figure 16 
as the ra t io  h/hs (h i s  the measured loca l  heat-transfer coefficient 
~~ ~ 
The variation of afterbody pressure with angle of attack i s  shown 
i n  figure 12. A t  $$ = Oo the data were considerably higher than those 
obtained by use of modified Newtonian theory which predicts the pressure 
For values of @ 
angle of attack and w a s  greater than free-stream pressure; however, a t  
these l o w  pressures, the e r ror  due t o  the t i m e  required f o r  the manometer 
t o  s e t t l e  out may have been significant.  
larger than 90' the pressure w a s  almost invariant w i t h  
Pressure dis t r ibut ions on the body-flap configurations are presented 
i n  figures 13 and 14. The ve r t i ca l  dashed l i ne  a t  s/rb = 1.06 denotes 
the location of the base of the f l ap  and the so l id  symbols indicate the 
pressure dis t r ibut ion on the body only configuration of figure 10. 
sure data were taken along the center l i ne  of the f l a p  only. There were 
several conditions for  which the pressure on the f l a p  was higher than 
the t o t a l  pressure behind a normal shock wave ( p/pt,2 > 1). This phenom- 
enon indicates t h a t  the low total-pressure flow, which had passed through 
the normal portion of the shock wave, had been washed away from the f l ap  
by cross flow. 
portion of the shock wave and had lower entropy (higher t o t a l  pressure). 
The effect  of the f l a p  on the pressure dis t r ibut ion over the body w a s  
generally confined t o  tha t  portion of the rounded corner between 
of 0.8 and the base of the f lap.  In th i s  region there w a s  usually an 
increase in  pressure. One exception t o  t h i s  increase i n  pressure on the 
body a t  the base of the f l a p  w a s  the data of figure 14( c )  . 
t ion w a s  probably due t o  the attached oblique shock ( f ig .  9) and flow 
direction discussed previously. The primary fac tor  i n  determining the 
pressure on the f l a p  appeared t o  be the angle between the f l ap  surface 
and the free-stream flow direction 8. The var ia t ion of pressure on the 
center of the f l a p  as a function of 8 i s  presented i n  figure 15. Also 
shown i n  this  figure is  the modified Newtonian pressure variation 
Pres- 
Thus, the flow over the f l a p  passed through an oblique 
s/% 
This excep  
~ ~ / c ~ , ~ ~  = s in  2 e. 
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and h, i s  the calculated heat-transfer coefficient f o r  the stagnation 
point at 00 angle of attack).  The stagnation-point heat-transfer coef- 
f i c i e n t  was computed by the loca l  s imi la r i ty  theory of reference 2 
as 
h, 
w a s  determined from the relat ion u 2E€, = 0.168s/rb I F  where (du/ds ) 
found experimentally i n  reference 3 for  a f la t - face body at  a free-stream 
Mach number of 4.95 (assumed invariant with Mach number f o r  M, 2 5 ) .  
This re la t ion  was  used rather  than the measured pressure data because no 
special  care was  taken t o  determine the stagnation-point velocity gradient 
i n  these tests. The theory curve shown i n  figure 16(a) w a s  obtained by 
using a velocity gradient determined f r o m  the pressure data of figure 8 
and the method of reference 2. 
s ta t ion  by using perfect gas relations and were plotted as a function 
of s/r,,. 
these data. 
nation point about 8 percent higher than tha t  given by the re lat ion of 
reference 3. 
h e a l  veloci t ies  were computed a t  each 
The velocity gradient was  the slope of the curve fa i red  through 
This procedure resulted i n  a velocity gradient at  the stag- 
The dis t r ibut ion of heat t ransfer  predicted by the theory f o r  Oo 
angle of attack agrees w e l l  with the measured data; however, the Level 
predicted by the theory i s  about 17 percent low a t  the stagnation point. 
Part of t h i s  difference (about 4 percent) i n  leve l  is  accounted f o r  by 
the difference between the stagnation-point velocity gradient of ref- 
erence 3 (used i n  reducing the data) and the velocity gradient computed 
from pressure data (used i n  the theoret ical  pressure dis t r ibut ion) .  
The change i n  experimental heat-transfer dis t r ibut ion with Reynolds 
number w a s  small and the data of both Reynolds numbers are believed t o  
be f o r  conditions of laminar flow. The low Reynolds number data a t  an 
angle of attack of 45' were omitted from figure l6(d)  since schlieren 
photographs showed tha t  the model created separation of the tunnel bound- 
ary layer  and that the shock wave from t h i s  separation impinged on the 
model. Maximum heating always occurred i n  the @ = 0 plane (windward 
plane of symmetry) between 
coefficient r a t i o  h/hs 
increased s teadi ly  t o  a maximum of 3.3 a t  4 5 O  angle of attack. 
SI% = 0.8 and 0.9. The heat-transfer- 
i n  this area w a s  2.15 a t  Oo angle of a t tack and 
I 
Variation of afterbody heating with angle of attack i s  shown i n  
f igure 17 f o r  Since data w e r e  not obtained a t  a value of 
s/rb of 1.3 f o r  a l l  values of @, t h i s  f igure was prepared by f a i r ing  
s rb = 1.3. I 
............... ....... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
a curve through the data of figure 16 and p lo t t ing  the fa i red  values. 
The heating t o  the windward ray ($  = Oo)  varied from h/hs = 0.06 a t  
0' angle of a t tack t o  h/hs = 0.9 a t  4 5 O  angle of attack. A t  $ = 90' 
the  heat-transfer rate increased only s l i gh t ly  with angle of attack. 
For values of 
(h/hs < 0.1) and appeared t o  decrease s l i gh t ly  with angle of a t tack u n t i l  
a minimum w a s  reached a t  
i n  angle of attack. 
d l a rger  than 90' the heat-transfer r a t e  w a s  low 
a = 30'; it then increased with fur ther  increases 
The flow f i e l d  i n  the region of the f l a p  w a s  complex; separation 
This complicated flow pattern and reattachment were usually present. 
w a s  expected t o  have a dominating influence on the heat t ransfer  t o  the 
f l a p  and t o  the body i n  the region near the f lap .  
t ion  of the heating t o  t h i s  area w a s  obtained by coating wood models with 
a temperature-sensitive paint and taking high-speed motion pictures of 
the color patterns formed when the model w a s  suddenly injected in to  and 
heated by the hot airstream. An example of the r e su l t s  of t h i s  technique 
i s  shown i p l  f igure 18. The photographs i n  f igure l8(a) were made by 
enlarging three frames of the 16-millimeter high-speed color film exposed 
during the t e s t .  The paint used actual ly  changed color three times (pink 
t o  blue t o  yellow and f i n a l l y  t o  ol ive green). 
changes, and therefore the re la t ive  heating rates,  can be seen as d i f fe r -  
en t  shades from l igh t  gray t o  black. 
are shown by an a r t i s t ' s  sketch i n  figure 18(b). 
45' and f l a p  deflection angle of 120° were used f o r  i l l u s t r a t i o n  inasmuch 
as these conditions caused some of the highest heating r a t e s  on the lee- 
ward f l ap  and on the body a t  the base of the f lap.  The stagnation point 
w a s  a t  the forward corner of the body which i s  shown a t  the bottom of 
the photographs and i l l u s t r a t e d  i n  the following sketch: 
A qua l i ta t ive  indica- 
An indication of the color 
For c la r i ty ,  these color changes 
An angle of a t tack of 
Camera f F- \ 
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The effects Of separation and reattachment on the heat-transfer 
dis t r ibut ion on the f l a p  were evident. A c l ea r ly  defined region Of high 
heating is  evident on the f l a p  where the flow reattached and this high- 
heating area extended outward t o  the t i p  of the flap.  
a high heating rate also existed on the body corner at  the base of the 
flap.  
stagnation-point heating ra te  (nearly simultaneous color change). 
A s m a l l  area having , 
I The heating ra te  t o  these areas w a s  approximately equal t o  the 
Heat-transfer dis t r ibut ions on the flap-body configurations are 
presented i n  figures 19 and 20. 
sol id  symbols, were taken from figure 16 and are shown here so tha t  the 
e f fec t  of the f l a p  on the heating t o  the body can be determined. 
location of the base of the f l a p  i s  noted i n  the figures by the dashed 
l ines  at s/q, = 1.06. 
the span of the f l a p  w a s  small; however, f o r  the leeward f l a p  there w a s  
a trend of higher heating a t  the edges f o r  a value of 
par t icular ly  at low angles of attack ( f ig .  lg (a) ) .  
t ransfer  along the chord of the f l a p  w a s  found t o  be rather large f o r  
some conditions; f o r  example, the leeward f l ap  a t  an angle of attack of 
45' and f l a p  deflection angle of 120' ( f ig .  l9 (d) ) .  These conditions 
w e r e  the same as those f o r  the temperature-sensitive-paint patterns shown 
i n  figure 18. The heating rate t o  the base of the f l ap  was approximately 
one-half the heating ra te  t o  the remainder of the flap.  
w a s  believed t o  be due t o  reattachment of the separated flow somewhere 
between a value of s / q  of 1.2 and 1.34. 
The data  f o r  the body only, shown as 
The 
In general, the variation of heat t ransfer  across 
s/rb of 1.47 
The variation of heat 
This phenomenon 
The ef fec ts  of the f l a p  on the heat t ransfer  t o  the body were con- 
fined t o  a region between s/rb of 0.8 and the base of the flap.  The 
heating i n  t h i s  region w a s  increased by the presence of the flap, the 
increase depending on the f l a p  deflection angle, and was ,  f o r  several  
conditions, the highest heating found on the body-flap configuration 
especially f o r  the windward-flap configuration. 
The primary fac tor  i n  the f l a p  heat-transfer ra te  appeared t o  be 
the angle between the f l a p  surface and the free-stream flow direction 8. 
The var ia t ion of the average heating r a t e  t o  the center portion of the 
f l a p  as a function of 8 is  presented i n  figure 21. A strong dependence 
of heat t ransfer  t o  the leeward f lap  on f l ap  angle 8 w a s  evident. This 
dependency was similar t o  t h a t  of the f l a p  pressure shown i n  figure 15. 
Heat t ransfer  t o  the windward and leeward f laps  appeared t o  be of the 
same order; however, the range of f lap  angles was not the same. 
CONCWSIONS 
Heat-transfer and pressure distributions on a f la t - face body of 
revolution with and without f l a p  control were obtained at  a Mach number 
12 
of 8 and angles of a t tack from 0' t o  4 5 O .  This body had a rounded cor- 
ner, with a r a t i o  of corner radius t o  body radius of 0.2, and an a f te r -  
body angle of 1 5 O .  
lowing conclusions can be made: 
Results of the investigation indicated t h a t  the fo l -  
* 
1. The stagnation point did not jump suddenly t o  the corner at  an 
angle of attack, as Newtonian theory would predict, but moved gradually 
and almost l inear ly  a t  low angles of attack. The afterbody pressure along 
the windward ray a t  angles of a t tack w a s  considerably higher than that 
predicted by modified Newtonian theory. 
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2. The heat-transfer d i s t r ibu t ion  a t  Oo angle of a t tack w a s  i n  close 
A s  the angle of a t tack  varied from 0' t o  45' the maximum 
agreement with tha t  predicted by a loca l  s imi la r i ty  theory using measured 
of the corner. 
measured heating r a t e  varied from 2.15 t o  3 . 3  times the calculated heating 
r a t e  of the stagnation point a t  Oo angle of attack. The afterbody heating 
r a t e  of the windward ray reached a value a t  4 5 O  angle of a t tack that w a s  
0.9 that of the stagnation point a t  0' angle of attack. 
pressure dis t r ibut ions.  Maximum heating always occurred i n  the v i c in i ty  8 
3 .  Heat-transfer rates t o  a f l a p  located a t  the tangent point of the 
corner and afterbody were found, under cer ta in  conditions, t o  be approxi- 
mately equal t o  the stagnation-point value. The flow pat tern about the 
body-flap configuration w a s  found t o  be complex; separation and reattach- 
ment were usually present. Although the f l a p  heat t ransfer  w a s  very 
sensi t ive t o  the location of the separation and reattachment points, the 
primary factor  appeared t o  be the angle between the f l a p  surface and the 
free-stream flow direction. The f l a p  w a s  found t o  cause an increase i n  
the heat t ransfer  t o  the body i n  the region near the base of the f lap .  
For several  conditions t h i s  w a s  the region of highest heating found on 
the body-flap configuration. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., May 28, 1962. 
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Figure 1.- Test section and injection mechanism. L61-2863 
O W  0.0 0 0 a 0 .  0 0  0 0 0 0  0 0 0 0  a w  
0 0 0  0 0 0  0 0 0  0 a 0  a 0  w a  
w w o a  a 0 0 0  a 0 0 0 0  0 0 0  O W  
a 0  a m  o w a  0 
0 0  o w 0  0 0  a 0 0.0 w. 15 
Figure 2.- Model used i n  t h e  invest igat ion.  L 62-2079 
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Figure 6.- Model orientation. 
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Figure 7.- Schlieren photographs of flow about body. 
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Figure 7. - Concluded. L 62- 2081 
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Figure 10.- Body pressure distribution. %, = 0.93 X 10 . 6 
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Figure 10. - Continued. 
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Figure 10. - Concluded. 
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Figure 12.- Variation of fa i red  afterbody pressure with angle of attack. 
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Figure 13.- Pressure d i s t r i b u t i o n  on body-leeward-flap configurat ion.  
(Windward ray; = 0.93 X lo6.) 
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Figure 14. - Pressure distributions on body-windward-flap configuration. 
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Figure 16.- Body heat-transfer dis t r ibut ion.  
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Figure 17.- Variation of afterbody heating with angle of attack. 
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Figure 19.- Heat transfer t o  leeward flap.  
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Figure 19.- Continued. 
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Pigwe 20.- Heat transfer to windward flap. 
. . 0.. 0 .  
Ray A Row B Row C bf, deg 
o 0- 60 
-E 0 u 90 + Body only 
R,= 0.22 x IO6 
. 
(b) u = 30'. 
Figure 20. - Continued. 
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Figure 20. - Concluded. 
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